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Colruyt Group, la cadena de supermercados más grande de Bélgica, desea 
automatizar los procesos de limpieza de sus tiendas. Hoy en día, la limpieza del 
suelo de los supermercados es un proceso tedioso y se realiza manualmente. El 
propósito de este trabajo es construir una prueba de concepto de un sistema que 
detecte y ubique la basura del suelo en el supermercado para poder recogerla. El 
sistema debe poder montarse en cualquier plataforma móvil autónoma que use 
ROS. En este trabajo, se ha utilizado el TurtleBot3 como plataforma móvil en la que 
se ha instalado una cámara RGBD. Para la detección de basura, se han integrado y 
comparado varios métodos de visión, como operaciones morfológicas, 
segmentación basada en diferentes espacios de color, comparación de imágenes y 
la cámara de profundidad. Este proyecto permite demostrar que es posible la 
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Ç miQKi2/ +K2` Hb2` b+MM2` +HB#`iBQM
Ç  i2+?MB[m2 #b2/ QM pBbBQM iQ /2i2+i /B`i QM  ~QQ`
Ç J/2  i2bi 7+BHBiv M/ i2bi2/ i?2 TT`Q+? BM  i2bi 2MpB`QMK2Mi
RX9 amKK`v Q7 +?Ti2`b
h?Bb Bb  #`B27 QmiHBM2 Q7 r?i r2Mi BMiQ 2+? +?Ti2`X *?Ti2` k 2tTHBMb
i?2 HBi2`im`2 i?i ?p2 #22M `2/ M/ /Bb+mbb i?2 BMi2`2biBM; iQTB+bX *?T@
i2` j /Bb+mbb2b i?2 BKTH2K2MiiBQM Q7 i?2 i2+?MB[m2b iQ /2i2+i i?2 /B`iX
*?Ti2` 9 iHFb #Qmi i?2 +K2` +HB#`iBQMX 6BMHHv *?Ti2` 8 b?Qrb





6Q` i?2 /2p2HQTK2Mi Q7 i?Bb T`QD2+i- A b2`+?2/ M/ `2/ bQK2 /Q+mK2Mi@
iBQM M/ `2b2`+? TT2`bX AM i?Bb +?Ti2`- A rBHH /Bb+mbb M/ +QKK2Mi i?2
BMi2`2biBM; iQTB+b b r2HH b i?2 BKTH2K2MiiBQM i?2K BM i?2 T`QD2+iX
A ?p2 b2`+?2/ 7Q` `2Hi2/ T`QD2+ib- #mi Bi Bb  p2`v bT2+B}+ T`Q#H2K- bQ
i?2`2 `2 MQi KMv T`QD2+ib i?i /2H rBi? Bi- i?i Bb r?v A ?p2 2ti2M/2/
i?2 `2b2`+? iQ Mv T`QD2+i `2Hi2/ iQ miQMQKQmb THi7Q`Kb i?i `2+Q;MBx2
Q#D2+ib BM /vMKB+ 2MpB`QMK2MibX
h?2 T`QD2+ib 7QmM/ mb2 /Bz2`2Mi i2+?MQHQ;B2b- 2Bi?2` BM/BpB/mHHv Q` +QK#BM@
BM; i?2K- bm+? b +K2`b- /BbiM+2 b2MbQ`b- K+?BM2 H2`MBM;Ę
A rb HbQ `2/ i`p2`b#BHBiv MHvbBb TT2`b- BM r?B+? +QmH/ `2/ #Qmi
/Bz2`2Mi ivT2 Q7 KTb- ?Qr iQ +`2i2 i?2K M/ i?2B` mb2bX
9
kXk oBbBQM K2i?Q/b
PM2 Q7 i?2 `2Hi2/ T`QD2+ib i?i BMbTB`2b K2 rb U_Q#QiBb@CTM kyRNVR i?i
Bb ,
ǳaKTH2 `2TQbBiQ`v 7Q` +`2iBM;  i?`22 /BK2MbBQMH KT Q7 i?2
2MpB`QMK2Mi BM `2H@iBK2 M/ MpB;iBM; i?`Qm;? BiX P#D2+i /2@
i2+iBQM mbBM; uPGP Bb HbQ T2`7Q`K2/- b?QrBM; ?Qr M2m`H M2i@
rQ`Fb +M #2 mb2/ iQ iF2 /pMi;2 Q7 i?2 BK;2 /i#b2 biQ`2/
#v _h"@JT M/ mb2 Bi iQ 2X;X HQ+HBx2 Q#D2+ib BM i?2 KTXǴ
Ai mb2b i?2 hm`iH2#Qij THi7Q`K iQ r?B+?  _:". +K2` ?b #22M BMbiHH2/-
mbBM; i?2 BK;2b Q7 i?2 +K2`b iQ `2+Q;MBx2 Q#D2+ib rBi? i?2 uPGP M2m`H
M2irQ`F U_2/KQM 2i HX kyReV M/ i?2 /2Ti? BK;2 iQ TQbBiBQM i?2 Q#D2+ib
QM i?2 KTX AM i?Bb T`QD2+i r2 +M b22 i?2 BKTH2K2MiiBQM Q7 /Bz2`2Mi
i2+?MB[m2b BM  +QK#BMiBQM rvX
6B;m`2 kXR, PT2`iBQM /B;`K Q7  `2Hi2/ T`QD2+iX
aQ i }`bi Kv ii2MiBQM rb 7Q+mb2/ QM mbBM; i?2 BM7Q`KiBQM 7`QK i?2
+K2`b iQ /2i2+i ;`#;2 #b2/ QM +QKTmi2` pBbBQM-  }2H/ H`2/v FMQrM
#v KvX h?2 }`bi B/2 rb iQ i`v iQ `2+Q;MBx2 i?2 ;`#;2 KFBM; i2bib BM
JiH# M/ Hi2` mbBM; i?2 PT2M+p HB#``vX
R?iiTb,ff;Bi?m#X+QKf_P"PhAa@CSL@:Ahfim`iH2#QijnbHKnj/
8
kXj h`p2`b#BHBiv MHvbBb K2i?Q/b
PM2 Q7 i?2 KQbi BMi2`2biBM; TT2`b #Qmi i`p2`b#BHBiv MHvbBb rb U:m2`@
`2`Q 2i HX kyR8VX Ai iHFb #Qmi i?2 /Bz2`2Mi ivT2 Q7 KTb- ?Qr iQ +`2i2
i?2K M/ i?2B` mb2bX
*QKBM; mT M2ti i?2 ivT2b Q7 KTb 7QmM/ rBHH #2 /2iBH2/- r2 rBHH HbQ iHF
#Qmi #2BM; #H2 iQ BMi2;`i2 i?2K BMiQ i?Bb T`QD2+i M/ Bib T`Qb M/ +QMbX
kXjXR P++mTM+v KT,
Ai Bb QM2 Q7 i?2 KQbi mb2/ K2i?Q/b 7Q` i2``BM KTTBM;X 1p2`v +2HH BM M Q+@
+mTM+v KT +QMiBMb M Q++mTM+v T`Q##BHBiv r?B+? Bb mb2/ iQ /2i2`KBM2
B7 i?2 +2HH Bb 7`22- Q++mTB2/ Q` MQi 2tTHQ`2/X 6B;m`2 kXk /2TB+ib M 2tKTH2 Q7
M Q++mTM+v ;`B/ KTX
6B;m`2 kXk, 1tKTH2 Q7 M Q++mTM+v ;`B/ KTX
h?Bb Bb i?2 FBM/ Q7 KTb vQm +M +`2i2 rBi? i?2 hm`iH2#Qij `B;?i Qmi Q7
i?2 #Qt- Dmbi mbBM; Q/QK2i`v M/ Hb2` BM7Q`KiBQMX Ab p2`v mb27mH mbBM;
e
i?2K 7Q` i?2 miQMQKQmb MpB;iBQM Q7 `Q#Qib BM THM2 ~QQ`b M/ +QMi`QHH2/
2MpB`QMK2MibX
kXjXk 1H2piBQM KT,
Hi2`MiBp2Hv iQ i?2 Q++mTM+v KT- M 2H2piBQM KT Bb  k. ;`B/ BM r?B+?
2p2`v +2HH +QMiBMb ?2B;?i pHm2b Q7 i?2 i2``BM KTT2/X 6B;m`2 kXj Bb M
2tKTH2 Q7 M 2H2piBQM KTX
6B;m`2 kXj, 1tKTH2 Q7 2H2piBQM KTX
1H2piBQM KTb `2 HbQ FMQrM b kX8. KTbX aBKBH`Hv iQ i?2 Q++mTM+v
KT- i?2 +QKTmiiBQMH `2[mB`2K2Mib `2 MQi bQ BKTQ`iMi b 7Q` j. KT@
TBM;X M BKTQ`iMi /Bb/pMi;2 Q7 kX8. KTTBM; Bb i?2 7+i i?i Qp2`?M;@
BM; bi`m+im`2b rBHH #2 +QMbB/2`2/ b Q#bi+H2bX
h?2v `2 p2`v mb27mH 7Q` KQpBM; `Q#Qib BM QM mM2p2M ~QQ`b Q` iQ /2i2`KBM2
Q#bi+H2b QM i?2 rvX h?2v `2 i?2 KQbi mb#H2 7Q` i?2 Tm`TQb2 Q7 i?Bb
T`QD2+iX
A 7QmM/  _Pa T+F;2k iQ +`2i2 2H2piBQM KTb rBi? `Q#Qib r?B+? `2
2[mBTT2/ rBi?  TQb2 2biBKiBQM U2X;X AJl  Q/QK2i`vV M/  /BbiM+2
b2MbQ` U2X;X bi`m+im`2/ HB;?i UEBM2+i- _2Ha2Mb2V- Hb2` `M;2 b2MbQ`- bi2`2Q
+K2`VX
h?Bb T+F;2 Bb #b2/ QM i?2 rQ`Fb Q7 i?2 TT2`b U6MF?mb2` 2i HX kyR3V




6B;m`2 kX9 /2TB+ib M 2tKTH2 Q7 j. KTX
6B;m`2 kX9, 1tKTH2 Q7 j. KTX
h?2v `2  ivT2 Q7 KTb KQ`2 +QKTH2i2 M/ 2bv iQ Q#b2`p2 #mi i i?2 bK2
iBK2 i?2v `2 /B{+mHi iQ Q#iBM M/ KM;2 ;Bp2M i?2B` ?B;? +QKTmiiBQMH
`2[mB`2K2MiX
6Q` j. KTTBM; A 7QmM/ b2p2`H T+F;2 BM _Pa iQ +`2i2 i?2K rBi? /Bz2`2Mi
TT`Q+?- bm+? b U>Q`MmM; 2i HX kyRj Vj Q` UG##û  JB+?m/ kyRNVX9
kX9 *QM+HmbBQMb
6BMHHv r2 MQiB+2/ irQ +H2` B/2b iQ TTHv BM Qm` T`QD2+i iQ `2+Q;MBx2 Q#D2+ib
QM i?2 ~QQ`,
Ç AK;2 T`Q+2bbBM; UPT2M*o- M2m`H M2irQ`FbĘVX
Ç lbBM; /2Ti? +K2` BM7Q iQ +`2i2 /Bz2`2Mi 2H2piBQM KTb Q7 i?2 i2`@
`BMX
AM Qm` +b2-  +QK#BMiBQM +M #2 mb2/ #v TH+BM; i?2 j. +K2` TQBMiBM; iQ
i?2 ;`QmM/- #2BM; #H2 iQ /2i2+i i?2 Q#D2+ib #v /BbiM+2 M/ mbBM; PT2M*o





AKTH2K2MiiBQM Q7 /B`i /2i2+@
iBQM
jXR AMi`Q/m+iBQM
AM i?2 7QHHQrBM; b2+iBQMb A rBHH /2iBH i?2 rQ`F +``B2/ Qmi /m`BM; i?2b2
KQMi?b- /2iBHBM; HH i?2 /2+BbBQMb iF2MX




Ç :2i M/ MHvbBb /i
Ĝ S`2T`BM; `Q#Qi rBi? j. +K2` 7Q` b+MMBM; i?2 biQ`2
Ĝ MHvbBb
Ç h2bi /Bz2`2Mi i2+?MB[m2b
Ĝ S`Q+2bbBM; Q7 BK;2b U/2i2+iBM; Q#D2+ibV
Ĝ SQbBiBQMBM; Q#D2+ib U;2i M;H2 M/ /BbiM+2V
Ĝ Smi K`F2`b QM i?2 KT
Ĝ "mBH/ 2H2piBQM KT
Ĝ h`v iQ `2KQp2 T`ib Q7 i?2 BK;2 i?i `2 }t2/ Q#D2+ib
N
jXk G2`MBM; _Pa
_Pa Bb  ~2tB#H2 7`K2rQ`F 7Q` bQ7ir`2 /2p2HQTK2Mi 7Q` `Q#Qib i?i T`QpB/2b
i?2 7mM+iBQMHBiv Q7 M QT2`iBM; bvbi2KX
Ai Bb  +QHH2+iBQM Q7 iQQHb- HB#``B2b- M/ +QMp2MiBQMb i?i BK iQ bBKTHB7v i?2
ibF Q7 +`2iBM; +QKTH2t M/ `Q#mbi `Q#Qi #2?pBQ` +`Qbb  rB/2 p`B2iv Q7
`Q#QiB+ THi7Q`KbX
_Pa T`QpB/2b i?2 biM/`/ b2`pB+2b Q7 M QT2`iBM; bvbi2K bm+? b ?`/r`2
#bi`+iBQM- +QMi`QH Q7 HQr@H2p2H /2pB+2b- BKTH2K2MiiBQM Q7 +QKKQMHv mb2/
7mM+iBQMHBiv- TbbBM; Q7 K2bb;2b #2ir22M T`Q+2bb2b M/ KBMi2MM+2 Q7
T+F;2bX
Ai Bb #b2/ QM  ;`T? `+?Bi2+im`2 r?2`2 i?2 T`Q+2bbBM; iF2b TH+2 BM i?2
MQ/2b i?i +M `2+2Bp2- b2M/ M/ KmHiBTH2t K2bb;2b 7`QK b2MbQ`b- +QMi`QH-
bii2b- b+?2/mH2b M/ +imiQ`b- KQM; Qi?2`bX h?2 HB#``v Bb Q`B2Mi2/ 7Q` 
lLAs bvbi2K UGBMmtVX
A Tbb2/ i?2 }`bi irQ r22Fb Q7 i?2 T`QD2+i H2`MBM; BiX 6B`biHv- A BMbiHH2/
l#mMim Re M/ _Pa EBM2iB+ 7QHHQrBM; i?2 BMbi`m+iBQMb Q7 i?2 /Q+mK2Mi@
iBQMXR
A ?p2 BMbiHH2/ Bi BM  pB`imH K+?BM2 mbBM; i?2 7`22 oB`imH"Qt bQ7ir`2-
i?i rb #2+mb2 Bi Bb 2bB2`- 7bi2`- M/ KQ`2 ~2tB#H2 7Q` K2- A QMHv ?p2 iQ
T`Q#H2Kb,
Ç GQbb Q7 T2`7Q`KM+2X
Ç L22/ iQ +?M;2 i?2 M2irQ`F +QM};m`iBQM Q7 i?2 pB`imH K+?BM2 BM
Q`/2` iQ T`QT2`Hv +QMM2+i rBi? _Q#QibX
Ĝ lb2 ǳ"`B/;2 JQ/2ǴX
6BMHHv- rBi? 2p2`vi?BM; BMbiHH2/ M/ rQ`FBM;- A ?p2 7QHHQr2/ HH i?2 #2;BM@





6B;m`2 jXR, hm`iH2#Qij "m`;2`, p2`bBQM mb2/ BM i?Bb T`QD2+iX
hm`iH2"Qij Bb  bKHH- zQ`/#H2- T`Q;`KK#H2- _Pa@#b2/ KQ#BH2 `Q#Qi
7Q` i?2 mb2 BM 2/m+iBQM- `2b2`+?- ?Q##v- M/ T`Q/m+i T`QiQivTBM;X
h?2 hm`iH2"Qi +M `mM aGJUbBKmHiM2Qmb HQ+HBxiBQM M/ KTTBM;V H@
;Q`Bi?Kb iQ #mBH/  KT M/ +M /`Bp2 `QmM/ BM  `QQKX HbQ- Bi +M #2
+QMi`QHH2/ `2KQi2Hv 7`QK  HTiQTX
A `2+2Bp2/  _Pa M/ hm`iH2#Qij rQ`Fb?QT BM r?B+? A bi`i2/ +QMi`QHHBM; i?2
`Q#Qi M/ i2biBM; HH Q7 Bib 7mM+iBQMHBiB2bX
h?2M A 7QHHQr2/ HH i?2 imiQ`BHb Q7 i?2 hm`iH2#Qij 2@JMmHj 2KT?bBxBM;




*QMiBMmBM; rBi? Kv H2`MBM; Q7 _Pa M/ hm`iH2#Qij A +Q/2 bQK2 T`Q;`Kb,
Ç A KQ/B}2/ i?2 bBKTH2nMpB;iBQMn;QHbX+TT T`Q;`K9 iQ mb2 +QQ`/B@
Mi2b `2HiBp2b iQ i?2 KTX
Ç A 7QHHQr2/ i?2 K`F2`b imiQ`BH8 iQ +`2i2  bm#b+`B#2` MQ/2 i?i +M
#2 mb2/ iQ MQiB7v i?2 ;`#;2 BM i?2 KTX
jXjXR JQ/B}+iBQMb
6Q` i?2 ;QHb Q7 i?Bb T`QD2+i r2 M22/ iQ // bQK2 b2MbQ`b iQ i?2 hm`i2H#QiX q2
/2+B/2/ iQ mb2 QM2 _:". +K2`X h?2 +?Qb2M QM2 rb i?2 AMi2H _2Hb2Mb2
/9j8X
6B;m`2 jXk, AMi2H _2Hb2Mb2 /9j8 +K2`X
AM Q`/2` iQ mb2 i?2 +K2` rBi? i?2 hm`iH2"Qij A M22/ iQ +QKTBH2 i?2 /`Bp2`b
BM i?2 QrM _bT#2``v SB Q7 i?2 `Q#QiX h?2 `2Hb2Mb2 /`Bp2`b `2 /QrMHQ/2/
rBi?Qmi +QKTBHBM; M/ i?2M i?2v r2`2 +QKTBH2/ 7QHHQrBM; i?2 bi2Tb Q7 i?2





6B`biHv-  TQr2` bmTTHv Kmbi #2 mb2/ ;Bp2M i?2 iBK2 Bi iF2b iQ T2`7Q`K i?2
+QKTBHiBQMX
h?2 +QKTBHiBQM rBHH 7BH /m2 iQ i?2 H+F Q7 `K K2KQ`v Q7 i?2 _bT#2``v
SB- A ?/ iQ +`2i2  k:# brT T`iBiBQM 7QHHQrBM; i?Bb bi2TbXd qBi? i?Bb A
rb #H2 iQ +QKTBH2 Bi T2`72+iHvX
h?2 M2ti bi2T rb iQ /QrMHQ/ i?2 M2+2bb`v _Pa T+F;23 BMiQ i?2
rQ`FbT+2 Q7 i?2 _bT#2``v SB- +QKTBH2/ M/ }MHHv i2bi2/ i?2 +K2`X A
BMBiBHBx2/ i?2 +K2` rBi? i?2 HmM+? }H2 `bn+K2`XHmM+?X
h?2`2 Bb  T`Q#H2K- i?2 +K2` `2[mB`2b  mb# jXy +QMM2+iBQM 7Q` i?2 H`;2
KQmMi Q7 /i ?M/H2/- M/ i?2 `bT#2``v TB mb2b mb# kXy bQ i?2 `2bQHm@
iBQM M/ 7`K2 `i2 Kmbi #2 HQr2`2/X A KQ/B}2/ i?2 HmM+? }H2 M/ mb2 
`2bQHmiBQM Q7 9k9tk9y M/ R8 7TbX
A TH+2 i?2 +K2` QM i?2 7`QMi- BM i?2 i?B`/ H2p2H Q7 i?2 hm`iH2"Qij- }t2/
#v  j. T`BMiBM; +mbiQK +K2` b+`2rXN





A HbQ +`2i2/ `QmiBM2b iQ 2bBHv bi`i 2p2`vi?BM; r?2M b+MMBM; i?2 biQ`2
mbBM; HBb2b,
h#H2 jXR, HBb `QmiBM2b +`2i2/ 7Q` 2bv mb2 Q7 i?2 `Q#QiX
HBb q?2`2 2t2+mi2 .2b+`BTiBQM
#`BM;mT (hm`iH2"Qi) _Q#Qi M/ +K2` BMBiBHBxiBQMX
m+HQ+F (_2KQi2 S*) avM+?`QMBx2 BMi2`MH *Sl +HQ+Fb Q7 i?2 `Q#Qi M/ S*X
bHK (_2KQi2 S*) ai`i +`2iBM; i?2 KTX
#; (_2KQi2 S*) ai`i `2+Q`/ #; }H2X
i2H2QT (_2KQi2 S*) ai`i i2H2QT2`iBQM MQ/2 iQ +QMi`QH `2KQi2Hv i?2 `Q#QiX
bp2KT (_2KQi2 S*) ap2 i?2 KT +`2i2/X
jX9 _2bmHib Q7 i?2 KTTBM;
qBi? i?2 `Q#Qi T`2T`2/ M/ i?2 KT +`2iBQM i2bi2/ r2 r2`2 BMpBi2/ iQ QM2
Q7 i?2 *QH`mvi :`QmT biQ`2b iQ +QHH2+i /iX
q2 r2Mi i?`Qm;? irQ +Q``B/Q`b rBi? i?2 `Q#Qi irB+2-  }`bi rBi?Qmi ;`#;2
iQ +`2i2 i?2 KT KBMHv- M/  b2+QM/ QM2 rBi? ;`#;2 QM i?2 ;`QmM/X
L2ti- A rBHH MHvx2 i?2 BM7Q`KiBQM Q#iBM2/ M/ /Bb+mbb i?2 K2i?Q/b mb2/
iQ `2+Q;MBx2 ;`#;2X
R9
jX9XR AK;2 Q7 i?2 +QHQ` +K2`,
6B;m`2 jX9, aQm`+2 BK;2 Q7 i?2 +QHQ` +K2`X
AM i?Bb BK;2 r2 b22 i?i i?2 BMi2`2biBM; T`i- r?2`2 i?2 ~QQ` Bb HQ+i2/- Bb
i?2 HQr2` ?H7 Q7 i?2 BK;2X
h?2 KQbi BMi2`2biBM; Bb i?2 /`F M/ mMB7Q`K +QHQ` Q7 i?2 ~QQ`- 2t+2Ti 7Q`
i?2 `2~2+i2/ b?BM2 Q7 i?2 HKTbX
A7 Bi Bb TQbbB#H2 iQ 2HBKBMi2 i?2 #`B;?iM2bb- Bi b?QmH/ #2 `2H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98
pQB/ BK;2*HH#+F U+QMbi b2MbQ`nKb;b,,AK;2*QMbiSi` Kb;Vc
pQB/ iQT?iUBMi- pQB/ Vc
pQB/ +QHQ`h?`2b?QH/U BMi- pQB/ Vc
`Qb,,a2`pB+2*HB2Mi  +HB2MiSi`c ff SQBMi2` 7Q`  +HB2Mi







BK;2ni`MbTQ`i,,am#b+`B#2` bm# 4 BiXbm#b+`B#2U
]f+K2`f+QHQ`fBK;2n`r]- R- BK;2*HH#+FVc
`Qb,,a2`pB+2*HB2Mi +HB2Mi 4 MXb2`pB+2*HB2MiI
/2i2+in;`#;2,,TBt2Hn+QQ`/BMi2b=U]TBt2Hn+QQ`/BMi2b]Vc




















+p,,Ji /AK; 4 +pnTi`@=BK;2c
ff .BpB/2 BM ?H7
b`+ 4 /AK;U+p,,_2+iUy- /AK;X`Qrbfk- /AK;X+QHb- /AK;X`QrbfkVVc
+p,,BKb?QrU P_A:ALG- b`+ Vc
ff *`2i2  Ki`Bt Q7 i?2 bK2 ivT2 M/ bBx2 b b`+ U7Q` /biV
/biX+`2i2U b`+XbBx2UV- b`+XivT2UV Vc
ff *QMp2`i i?2 BK;2 iQ ;`vb+H2
+p,,+pi*QHQ`U b`+- b`+n;`v- *on":_k:_u Vc
+p,,MK2/qBM/QrU rBM/QrnR- *onqAL.PqnlhPaAw1 Vc
+p,,MK2/qBM/QrUrBM/Qrnk- *onqAL.PqnlhPaAw1 Vc
+p,,MK2/qBM/QrUrBM/Qrnj- *onqAL.PqnlhPaAw1 Vc
+p,,+`2i2h`+F#`U ]aBx2 hQT >i,]-
rBM/QrnR- bBx2niQT- KtnbBx2- iQT?i Vc
+p,,+`2i2h`+F#`U ]aBx2 .BHi2,]-
rBM/QrnR- bBx2n/BHi2- KtnbBx2- iQT?i Vc
iQT?iUy- yVc
+p,,+`2i2h`+F#`U]h?`2b?QH/ _:",]-
rBM/Qrnk- i?`2b?QH/n_:"- Ktni?`2b?QH/- +QHQ`h?`2b?QH/ Vc
+p,,+`2i2h`+F#`U]h?`2b?QH/ unKBM,]-
rBM/Qrnj- i?`2b?QH/nunKBM- Ktni?`2b?QH/- +QHQ`h?`2b?QH/ Vc
9d
+p,,+`2i2h`+F#`U]h?`2b?QH/ unKt,]-
rBM/Qrnj- i?`2b?QH/nunKt- Ktni?`2b?QH/- +QHQ`h?`2b?QH/ Vc
+p,,+`2i2h`+F#`U]h?`2b?QH/ *#nKBM,]-
rBM/Qrnj- i?`2b?QH/n*#nKBM- Ktni?`2b?QH/- +QHQ`h?`2b?QH/ Vc
+p,,+`2i2h`+F#`U]h?`2b?QH/ *#nKt,]-
rBM/Qrnj- i?`2b?QH/n*#nKt- Ktni?`2b?QH/- +QHQ`h?`2b?QH/ Vc
+p,,+`2i2h`+F#`U ]aBx2 .BHi2,]-
6ALG- bBx2n/BHi2R- KtnbBx2- +QHQ`h?`2b?QH/ Vc




ff .2i2+i 2/;2b mbBM; +MMv
+p,,*MMvU /bi- +MMvnQmiTmi- 8y- R8y- j Vc
ff 6BM/ +QMiQm`b
+p,,7BM/*QMiQm`bU +MMvnQmiTmi- +QMiQm`b- ?B2``+?v-
+p,,_1h_nh_11- +p,,*>ALnSS_PsnaAJSG1- +p,,SQBMiUy- yV Vc
ff :2i i?2 KQK2Mib
bi/,,p2+iQ`I+p,,JQK2Mib= KmU+QMiQm`bXbBx2UVVc
7Q`U BMi B 4 yc BI+QMiQm`bXbBx2UVc BYY V
&
Km(B) 4 +p,,KQK2MibU +QMiQm`b(B)- 7Hb2 Vc
'
ff :2i i?2 +2Mi`QB/ Q7 7B;m`2bX
bi/,,p2+iQ`I+p,,SQBMik7= K+U+QMiQm`bXbBx2UVVc
7Q`U BMi B 4 yc BI+QMiQm`bXbBx2UVc BYYV
&






7Q`U BMi B 4 yc BI+QMiQm`bXbBx2UVc BYY V
&
+p,,a+H` +QHQ` 4 +p,,a+H`URed-R8R-yVc ff " : _ pHm2b
+p,,/`r*QMiQm`bU/`rBM;- +QMiQm`b- B- +QHQ`- k- 3-
?B2``+?v- y- +p,,SQBMiUVVc
+p,,+B`+H2U /`rBM;- K+(B)- 9- +QHQ`- @R- 3- y Vc














_Pan1__P_U]6BH2/ iQ +HH b2`pB+2 7`QK TBt2Hn+QQ`/BMi2b]Vc
'
'
ff a?Qr i?2 `2bmHiMi BK;2
+p,,MK2/qBM/QrU ]*QMiQm`b]- *onqAL.PqnlhPaAw1 Vc
+p,,BKb?QrU ]*QMiQm`b]- /`rBM; Vc
+p,,rBiE2vUjVc
9N
'pQB/ iQT?iUBMi- pQB/ V
&
+p,,Ji BKc
ff _2/m+2 MQBb2 rBi?  F2`M2H jtj
#Hm`U b`+n;`v- BK- +p,,aBx2Uj-jV Vc
+p,,Ji 2H2K2Mi 4 ;2iai`m+im`BM;1H2K2MiU
+p,,JP_S>n1GGASa1- +p,,aBx2U bBx2niQT- bBx2niQT VVc
ff TTHv i?2 iQT?i KQ`T?QHQ;v QT2`iBQM
+p,,KQ`T?QHQ;v1tU BK- BK- +p,,JP_S>nhPS>h- 2H2K2Mi Vc
+p,,i?`2b?QH/UBK- BK- y- k88- *onh>_1a>n"AL_u % *onh>_1a>nPhal Vc
+p,,Ji 2H2K2Mik 4 ;2iai`m+im`BM;1H2K2MiU
+p,,JP_S>n1GGASa1- +p,,aBx2U j- j VVc
+p,,Ji 2H2K2Mij 4 ;2iai`m+im`BM;1H2K2MiU
+p,,JP_S>n1GGASa1- +p,,aBx2U bBx2n/BHi2- bBx2n/BHi2 VVc
+p,,KQ`T?QHQ;v1tU BK- BK- +p,,JP_S>nPS1L- 2H2K2Mik Vc
+p,,KQ`T?QHQ;v1tU BK- BK- +p,,JP_S>n.AGh1- 2H2K2Mij Vc
KbF 4 +p,,a+H`,,HHUyVc
b`+X+QTvhQU KbF- BKVc
+p,,BKb?QrU rBM/QrnR- KbF Vc
'














+p,,Ji 2H2K2Mik 4 ;2iai`m+im`BM;1H2K2MiU
+p,,JP_S>n1GGASa1- +p,,aBx2U j- j VVc
+p,,Ji 2H2K2Mij 4 ;2iai`m+im`BM;1H2K2MiU
+p,,JP_S>n1GGASa1- +p,,aBx2U bBx2n/BHi2R- bBx2n/BHi2 VVc
+p,,KQ`T?QHQ;v1tU /bi- /bi- +p,,JP_S>nPS1L- 2H2K2Mik Vc



















pQB/ +HH#+FU+QMbi b2MbQ`nKb;b,,SQBMi*HQm/k*QMbiSi` Kb;V
&
KvnT+H 4  Kb;c
'




`Qb,,am#b+`B#2` bm# 4 MXbm#b+`B#2Ib2MbQ`nKb;b,,SQBMi*HQm/k=
U]f+K2`f/2Ti?n`2;Bbi2`2/fTQBMib]- R- +HH#+FVc
8k











BMi ``vSQbBiBQM 4 `2[Xp KvnT+HX`Qrnbi2T Y `2[Xm KvnT+HXTQBMinbi2Tc
BMi ``vSQbs 4 ``vSQbBiBQM
Y KvnT+HX7B2H/b(y)XQ77b2ic ff s ?b M Q77b2i Q7 y
BMi ``vSQbu 4 ``vSQbBiBQM
Y KvnT+HX7B2H/b(R)XQ77b2ic ff u ?b M Q77b2i Q7 9
BMi ``vSQbw 4 ``vSQbBiBQM
Y KvnT+HX7B2H/b(k)XQ77b2ic ff w ?b M Q77b2i Q7 3
7HQi s 4 yc
7HQi u 4 yc



















_Panq_LU]JT iQ +K2` i`Mb7Q`K mMpBH#H2 Wb]- 2tXr?iUVVc
'
i7,,o2+iQ`j TQBMin#H 4 i`Mb7Q`K  TQBMic
_PanAL6PU]W7 W7 W7]- TQBMin#H(y)-TQBMin#H(R)-TQBMin#H(k)Vc
 f
ff a2i Qm` b?T2 ivT2 iQ #2  bT?2`2
mBMijkni b?T2 4 pBbmHBxiBQMnKb;b,,J`F2`,,aS>1_1c
pBbmHBxiBQMnKb;b,,J`F2` K`F2`c
ff a2i i?2 7`K2 A. M/ iBK2biKTX
K`F2`X?2/2`X7`K2nB/ 4 ]f+K2`n+QHQ`nQTiB+Hn7`K2]c
K`F2`X?2/2`XbiKT 4 `Qb,,hBK2,,MQrUVc
ff a2i i?2 MK2bT+2 M/ B/ 7Q` i?Bb K`F2`X
K`F2`XMb 4 ]#bB+nb?T2b]c
K`F2`XB/ 4 +QmMic
ff a2i i?2 K`F2` ivT2X
K`F2`XivT2 4 b?T2c
89
ff a2i i?2 K`F2` +iBQMX
ff PTiBQMb `2 ..- .1G1h1- M/ M2r BM _Pa AM/B;Q, j U.1G1h1GGV
K`F2`X+iBQM 4 pBbmHBxiBQMnKb;b,,J`F2`,,..c
ff a2i i?2 TQb2 Q7 i?2 K`F2`X
ff h?Bb Bb  7mHH e.P6 TQb2










































BKTQ`i `;T`b2 O_2/ +QKKM/ HBM2 `;mK2Mib
BKTQ`i MmKTv b MT O``vb M/ QT2M+p BK;2b
BKTQ`i `QbTv O`Qb Tvi?QM KQ/mH2
BKTQ`i +pk
7`QK +pn#`B/;2 BKTQ`i *p"`B/;2- *p"`B/;21``Q`




















































OiBK2 7Q` i?2 i7 HBbi2M2` iQ `2+2Bp2 bQK2 i`Mb7Q`Kb
`QbTvXbH22TU`QbTvX.m`iBQMUyXRVV





F2v 4 U+pkXrBiE2vUkyV  k88V
OT`BMiU]F2v 4 ] Y bi`UF2vVV
OIiBK2biKT= ai`iM;H2_/b M;H2AM+`2K2Mi_/b
O1M/M;H2_/b _M;2lMBihvT2 LQM;H2b (_M;2b)
`M;2nmMBinivT2 4 j O7Q` K2i2`b
bbn`M;2b 4 ] ]XDQBMU(]WX37] W B 7Q` B BM Hb2`nb+MX`M;2b)V
bbniBK2 4 bi`UHb2`nb+MX?2/2`XbiKTXb2+bV Y ]X]
Y bi`UHb2`nb+MX?2/2`XbiKTXMb2+bV
bb 4 bbniBK2 Y ] ] Y bi`UHb2`nb+MXM;H2nKBMV
Y ] ] Y bi`UHb2`nb+MXM;H2nBM+`2K2MiV Y ] ]
Y bi`UHb2`nb+MXM;H2nKtV Y ] ]
Y bi`U`M;2nmMBinivT2V Y ] ] Y bi`UH2MUHb2`nb+MX`M;2bVV
Y ] ] Y bbn`M;2b Y ]$M]
?Xr`Bi2UbbV
8N
B7 F2v 44 RRj, O[ 7Q` [mBi
T`BMiU]ZmBi]V
#`2F
2HB7 F2v 44 RR8, Ob 7Q` bp2
T`BMiU]apBM; BK;2 M/ Hb2` b+M MmK#2` ] Y bi`U+QmMiVV
+pkXBKr`Bi2U]BK;2n] Y bi`U+QmMiV Y ]X#KT]- +pnBK;2V
bb 4 bi`UBK;2nbiKTXb2+bV Y ]X] Y bi`UBK;2nbiKTXMb2+bV
Y ] ] Y bi`UBK;2nbiKTXb2+bV Y ]X]








6MF?mb2`- SX 2i HX- kyR9X _Q#Qi@+2Mi`B+ 2H2piBQM KTTBM; rBi? mM+2`iBMiv 2biBKi2bX
AM AMi2`MiBQMH +QM72`2M+2 QM +HBK#BM; M/ rHFBM; `Q#Qib U+Hr`VX
6MF?mb2`- SX- "HQ2b+?- JX  >mii2`- JX- kyR3X S`Q##BHBbiB+ i2``BM KTTBM; 7Q` KQ#BH2
`Q#Qib rBi? mM+2`iBM HQ+HBxiBQMX A111 _Q#QiB+b M/ miQKiBQM G2ii2`b U_@GV- jU9V-
TTXjyRNĜjykeX
:m2``2`Q- CX 2i HX- kyR8X hQr`/b GA._@_._ #b2/ h2``BM JTTBM; 7Q` h`p2`b#BH@
Biv MHvbBbX AM kyR8 A111 AMi2`MiBQMH qQ`Fb?QT QM /pM+2/ _Q#QiB+b M/ Bib aQ+BH
AKT+ib U_aP kyR8VX GvQM- 6`M+2X pBH#H2 i, ?iiTb,ff?HX`+?Bp2b@Qmp2`i2bX7`f
?H@yR8R3d8eX
>Q`MmM;- X 2i HX- kyRjX P+iQJT, M 2{+B2Mi T`Q##BHBbiB+ j. KTTBM; 7`K2rQ`F
#b2/ QM Q+i`22bX miQMQKQmb _Q#QibX pBH#H2 i, ?iiT,ffQ+iQKTX;Bi?m#X+QKX
EbbB`- X  S2vMQi- hX- kyRyX _2HB#H2 miQKiB+ +K2`@Hb2` +HB#`iBQMX AM S`Q+22/@
BM;b Q7 i?2 mbi`HbBM +QM72`2M+2 QM `Q#QiB+b M/ miQKiBQMX
G##û- JX  JB+?m/- 6X- kyRNX _h"@KT b M QT2M@bQm`+2 HB/` M/ pBbmH bHK
HB#``v 7Q` H`;2@b+H2 M/ HQM;@i2`K QMHBM2 QT2`iBQMX AM CQm`MH Q7 6B2H/ _Q#QiB+bX TTX
9ReĜ99eX
JQ`;M ZmB;H2v- EX*X- "`BM :2`F2v- kyyNX _Pa, M QT2M@bQm`+2 `Q#Qi QT2`iBM; bvbi2KX
AM qBHHQr ;`;2- K2MHQ T`F- +X
PT2M*o- kyRNX PT2M*o /Q+mK2MiiBQMX pBH#H2 i, ?iiTb,ff/Q+bXQT2M+pXQ`;fKbi2`f
BM/2tX?iKHX
Pibm- LX- RNdNX  h?`2b?QH/ a2H2+iBQM J2i?Q/ 7`QK :`v@H2p2H >BbiQ;`KbX A111
h`Mb+iBQMb QM avbi2Kb- JM M/ *v#2`M2iB+b- NURV- TTXekĜeeX pBH#H2 i, ?iiT,
ff/tX/QBXQ`;fRyXRRyNfhaJ*XRNdNX9jRyydeX
S2vMQi- hX  EbbB`- X- kyRyX Gb2`@+K2` /i /Bb+`2TM+B2b M/ `2HB#H2 T2`+2TiBQM
BM Qmi/QQ` `Q#QiB+bX AM S`Q+22b/BM;b Q7 i?2 B222f`bD BMi2`MiBQMH +QM72`2M+2 QM BMi2HHB;2Mi
`Q#Qib M/ bvbi2KbX
_2/KQM- CX 2i HX- kyReX uQm QMHv HQQF QM+2, lMB}2/- `2H@iBK2 Q#D2+i /2i2+iBQMX kyRe
A111 *QM72`2M+2 QM *QKTmi2` oBbBQM M/ Sii2`M _2+Q;MBiBQM U*oS_V- TTXddNĜd33X
_Q#QiBb- kyRNX hm`iH2#Qij 2@KMmHX pBH#H2 i, ?iiT,ff2KMmHX`Q#QiBbX+QKf/Q+bf2Mf
THi7Q`Kfim`iH2#QijfQp2`pB2rfX
eR
_Q#QiBb@CTM- kyRNX hm`iH2#Qij j.@bHK mbBM; `i#@KT rBi? D2ibQM itkX :Bi>m# `2TQb@
BiQ`vX pBH#H2 i, ?iiTb,ff;Bi?m#X+QKf_P"PhAa@CSL@:Ahfim`iH2#QijnbHKnj/X
uQQMa2QF SvQ- _XCX- >M*?2QH *?Q- kyRdX _Pa `Q#Qi T`Q;`KKBM; U2MV- _P"PhAa
*QX-Gi/X
ek
